In this study, silk sericin films were prepared using different extraction methods, and the molecular conformation of sericin was examined using Fourier-transform infrared spectroscopy with attenuated total reflection geometry. Additionally, the effect of the film side (air-facing side or plate-facing side) on the molecular conformation of the sericin films was investigated. Interestingly, the molecular conformation of the sericin film depended on the film side. The molecular conformation of air-facing side of the sericin film was significantly influenced by extraction solution and time. The b-sheet crystallization and the crystallinity index of the sericin film markedly increased with an increase in the extraction time in hot water. The order of the crystallinity indices for the sericin films obtained with different extraction solutions was as follows: citric acid solution > urea solution >> hot water. In contrast, no remarkable differences were observed in the molecular conformation of the plate-facing side of the sericin film after extraction in hot water for different time periods. Urea and citric acid solution extractions showed remarkably higher crystallinity indices for sericin than those obtained after hot water extraction. However, no significant differences were observed in the crystallinity index of sericin between urea and citric acid solution extraction in plate-facing side of the film.
Introduction
Silk is a naturally occurring material from silkworms and consists of fibroin and sericin. Silk has been used as a high quality textile material for a long time. Sericin is usually removed from silk through a degumming process that significantly improves the luster and touch feeling of silk fiber.
Considering that silk contains about 25% sericin, a high amount of sericin is lost through the degumming process because most people believe that sericin is not a useful material. However, recent studies have focused on determining the useful and valuable properties of sericin, and the results of these studies have established many unique and valuable properties of sericin as a biomaterial. Tsubouchi et al. (2005) reported that sericin enhances the attachment of cultured human skin fibroblasts. Nagai et al. (2009) (Um et al. 2003) .
In this study, we extracted sericin using various extraction solutions and times and prepared its film. We examined the effect of the extraction method on the molecular conformation of the sericin film. Additionally, we examined the effect of the film side (air-facing or petri-dish plate-facing) on the molecular conformation of the sericin film using an FTIR spectrometer with attenuated total reflection (ATR) geometry.
Materials and Methods

Preparation of sericin film
Baekokjam silkworm cocoons were used to extract silk sericin.
Silk sericin was extracted using 3 different extraction solutions:
distilled water, citric acid solution, and urea solution. For the water extraction, sericin was extracted by immersing the cocoons in water at 100°C for 30~120 min. For the citric acid extraction method, the cocoons were treated in a 1.25% (w/v) aqueous citric acid solution at 100°C for 30 min. The extracted sericin solution was dialyzed in distilled water using a dialysis tube (MW cutoff = 12,000~14,000) for 7 days to remove the citric acid. For the urea extraction, the cocoons were treated in an 8 M aqueous urea solution at 85°C for 30 min after immersion in the same solution at room temperature for 30 min. The extracted sericin solution was dialyzed to eliminate urea using the same method as that used in citric acid extraction. All extracted sericin solutions were filtered into non-woven fabric twice before dialysis (for acid and urea extraction) or drying (hot water extraction). Aqueous sericin solutions from the 3 different extraction methods were poured into petri-dishes and dried at 40°C in a drying oven to form the sericin film.
FTIR measurements and determination of the crystallinity index
The FTIR (Nicolet 380; Thermo Fisher Scientific, USA) spectra of the sericin films were obtained using the ATR method.
To examine the effect of the sericin film side, 2 different sides (air-facing and plate-facing) of the sericin film ( In addition to these applied studies, many studies into the extraction of sericin from silk have also been performed to obtain sericin with a higher molecular weight (MW) or better functional properties. It is generally accepted that molecular degradation of sericin occurs during hot water extraction and that degradation of sericin during extraction depends on the extraction method.
To date, the most effective extraction method for obtaining high-MW sericin was to extract sericin using 8 M urea solution with 5% 2-mercaptoethanol (Takasu et al., 2002) . However, this method is extremely tedious and expensive. Therefore, Oh et al. (2011) extracted sericin from silk using hot water and precipitated it using ethanol to obtain sericin with a high MW. In addition, they and coworkers studied the extraction conditions of Antherae mylitta sericin with high yields and MW and reported that 0.02 M sodium carbonate and boiling for 60 min were the optimum conditions (Yun et al., 2013) . Aramwit et al. (2010) investigated the effect of the extraction method on the cell viability of sericin and reported that sericin cell viability and collagen production depended on the extraction method of sericin. These studies indicate that the extraction method for sericin strongly affects the MW as well as the biological properties of sericin.
The molecular conformation of silk protein has been studied using Fourier-transform infrared (FTIR) spectroscopy because it plays an important role in determining the properties of silk protein. Kim et al. (2012) examined the molecular conformational changes of silk sericin in the presence of lyoprotectant using FTIR spectroscopy. Kweon et al. (2011) investigated the solubility and molecular conformation of silk fibroin membrane using FTIR spectroscopy to determine its use as an eardrum patch. Kim et al. (2013) utilized the crystallinity index calculated from random coil and β-sheet conformations to examine the homogeneity of silk degumming. Um et al. (2001) compared the molecular conformation of the silk fibroin films obtained using different preparation methods, and they showed that β-sheet crystallization
